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(57)Abstract: 

PURPOSE: To exhibit stable power generating 
performance over a long period of time by preventing the 
deterioration of activity of a fuel electrode layer by 
restraining coagulation of metal at forming time and 
power generating time of the fuel electrode layer in the 
fuel electrode layer composed of a composite material of 
zirconia and metal. 

CONSTITUTION: In a cell of a fuel cell formed by 
interposing zirconia solid electrolyte 1 between an air 
electrode layer 2 and a fuel electrode layer 3, the fuel 
electrode layer 3 is composed of a porous body using 
zirconia particles 5 as a skeleton 6, and a metallic layer 
7 of at least one kind among Ni, Co and Mn is formed on 
a surface of its skeleton 6 by plating or the like. The fuel 
electrode layer 3 is composed of a zirconia layer 
dispersively containing pares in which the metal is filled. 
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* NOTICES * 




Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the fuel cell eel possessing a solid electrolyte, an 

air electrode layer, and a fuel electrode layer. 

[0002] 

[Description of the Prior Art] In recent years, a fuel cell eel attracts attention as a next- 
generation generation-of-electrical-energy system which replaces old water-power generation, a 
thermal power station, and nuclear electric power generation, and researches and developments 
are furthered briskly. 

[0003] It is LaMnOS to one field of the solid electrolyte with which this fuel cell eel consists of 
fully stabilized zirconia although the solid oxide fuel cell eel is known by one of the fuel cell eel of 
this. The air electrode layer which consists of a system ingredient consists of a laminated 
structure by which the fuel electrode layer which consists of nickel and complex of fully 
stabilized zirconia was formed in the field of another side, and cylindrical or a monotonous mold 
is known as that structure. 

[0004] Generally, the fuel electrode layer which consists of nickel and fully stabilized zirconia 
mixes nickel powder or NiO powder, and fully-stabilized-zirconia powder, makes a solvent 
suspend this, prepares a slurry, it applies this slurry to the front face of the nature solid 
electrolyte of a zirconia. calcinates it, and is formed. 
[0005] 

[Problem(s) to be Solved by the Invention] However, according to formation of the conventional 
fuel electrode layer, it is nickel particle or a NiO particle, and Zr02. Since it was simple mixing 
with a particle, the distributed condition of nickel particle was bad, and when it calcinated in 
reducing atmosphere, there was a problem that nickel particle condensed and the activity of a 
fuel electrode layer fell at the time of a generation of electrical energy. 
[0006] 

[Means for Solving the Problem] the result to which this invention persons repeated examination 
to the above-mentioned problem — once — Zr02 from — after forming the frame of the 
becoming porosity, the dispersibility of nickel was raised by being filled up with nickel plating and 
nickel in the opening, and it found out that the fuel electrode layer which prevented condensation 
and was excellent in the engine performance was formed, and resulted in this invention. 
[0007] Namely, the fuel cell eel of this invention is set in the fuel cell eel which makes the nature 
solid electrolyte of a zirconia come to intervene between an air electrode layer and a fuel 
electrode layer. Said fuel electrode layer consists of a porous body which makes a zirconia 
particle a frame, and it comes to form at least one sort of metal layers of nickel, cobalt, and the 
manganese in this frame front face. Or said fuel electrode layer consists of a zirconia layer which 
carries out distributed content of the hole, and it is characterized by coming to fill up at least 
one sort of metals among nickel, cobalt, and manganese in this hole. 

[0008] Hereafter, this invention is explained in full detail, referring to a drawing. Drawing 1 is 
drawing showing the structure of a monotonous mold fuel cell eel as typical structure of the fuel 
cell eel of this invention, the fuel cell eel of this invention is shown in drawing 1 — as — one 
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field of the nature solid electrd^re 1 of a zirconia — LaMn03 etc. — the^Kl electrode layer 3 
which consists of complex of a zirconia and a metal is formed in the field of an air electrode 
layer 2 and another side, the zirconia which are a solid electrolyte and one component of a fuel 
electrode layer — each — stabilization material, such as yttria (Y2 03), — 3-1 5-mol % — 
comparatively — coming out — containing — this stabilization material — full stabilization — or 
partial stabilization is carried out — having — **** — a cubic — Zr02 And/or, tetragonal Zr02 
mainly — a case — a little monoclinic system — Zr02 It contains. As for the zirconia in this fuel 
electrode layer, it is good desirably that it is the zirconia and this presentation which constitute 
a solid electrolyte, moreover, this single eel — LaCr03 etc. — power is collected by between 
eels being connected with a separator 4. Moreover, as a metal which is one component in a fuel 
electrode layer, at least one sort in nickel (nickel), cobalt (Co), and manganese (Mn) is adopted. 
[0009] Especially this invention has the description in a fuel electrode layer, and drawing 2 shows 
the example. According to drawing 2 , the fuel electrode layer 3 formed in the front face of a 
solid electrolyte 1 is constituted by the porous body which makes the zirconia particle 5 a frame 
6, and at least one sort of metal layers 7 of nickel (nickel), cobalt (Co), and the manganese (Mn) 
are formed in the front face of the frame 6. This fuel electrode layer 3 needs to have gas 
permeability, in order to supply the hydrogen gas which is a fuel to a solid electrolyte at the time 
of a generation of electrical energy. Therefore, the metal layer 7 needs to be formed only in the 
surface of a frame 6 and to have an opening, and it is [ the fuel electrode layer 3 in this case ] 
desirable for the rate of an open pore to be about 10 - 70%. Moreover, mean particle diameter is 
0.5-50 micrometers, and, as for especially the thickness of the metal layer 7, it is [ the zirconia 
particle 5 which forms a frame 6 ] still more desirable that it is about 5-20 micrometers 0.5-100 
micrometers. 

[0010] In order to form such a fuel electrode layer, especially, a mean diameter carries out 
addition mixing of a solvent and the organic resin at the zirconia particle (what was stabilized by 
stabilization material) which is 3-10 micrometers, and prepares 0.5-50 micrometers of slurries. 
And it applies so that it may become the thickness to which the thickness after sintering 
mentioned this slurry above by technique, such as the slurry coat method and screen printing, on 
the front face of a solid electrolyte 1, and it calcinates in oxidizing atmospheres, such as 
atmospheric air. Baking at this time is Zr02. It is required to set up burning temperature and 
time amount so that it may become a porous body, without carrying out eburnation by the 
particle. Therefore, it is desirable to perform especially baking especially at the temperature of 
1300-1550 degrees C for 2 to 10 hours 1200-1600 degrees C for 1 to 20 hours. That is, it is 
Zr02, when it becomes insufficient [ less than 1200 degrees C ] joining burning temperature to a 
solid electrolyte and it exceeds 1600 degrees C. Sintering advances and it is for carrying out 
eburnation. Then, as opposed to the porosity zirconia layer, metal layers, such as nickel, Co, and 
Mn, can be formed by the electroless deposition method, a spatter, etc. Or it is Zr02 by 
electroless deposition methods, such as nickel. After covering to a particle at predetermined 
thickness, you may form with the slurry coat rriethod and screen printing. 

[001 1] Drawing 3 is drawing showing other examples of the fuel electrode layer in this invention. 
According to drawing 3 . the porous layer which consists of fully stabilized zirconia which carries 
out distributed content of the pore 8 in the exterior and switch-on at homogeneity is formed in 
the front face of a solid electrolyte 1 , it fills up with at least one sort of metals 9 of nickel, Co. 
and Mn into the pore 8. and a fuel electrode layer 3 is constituted. 

[0012] As for the pore 8 in the fuel electrode layer of this configuration, it is desirable to exist by 
the ratio of 5 - 70 volume % in a fuel electrode layer, and its 1-50 micrometers are [ the 
diameter of pore / on an average ] desirable. This is because pores are connected, when the 
effectiveness by this invention will not be acquired if there are few amounts of pores than 5 
volume %. but 70 volume % is exceeded. Moreover, if the path of the pore filled up with a metal is 
smaller than 1 micrometer, it will not fully fill up with a metal in pore. Moreover, when larger than 
50 micrometers, nickel particle condenses at the time of baking in reducing atmosphere, or a 
generation of electrical energy, and there is a problem that the effectiveness by this invention is 
not acquired. Moreover, especially the thickness of the fuel electrode layer containing pore has 
desirable 2-30 micrometers 2-100 micrometers. 
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[0013] in addition, except for tl 




letal of the above-mentioned [ inside 




pore ] — Y2 03 



and Yb 203 The included fully stabilized zirconia, Ce02, MgO. aluminum 203, and MgAI 204 etc. 

— it can also be filled up with a metal. In that case, among bulking agents, if it is desirable that it 
is more than 80 volume % more than 40 volume % as for especially a metal component and it is 
less than 40 volume %, electrical conductivity will fall and the electrode engine performance will 
worsen. 

[0014] It adds so that it may become the range in which the final amount of pores mentioned 
pore material above on the surface of the solid electrolyte, and a fuel electrode layer as shown in 
such drawing 3 prepares a slurry, and applies this slurry to the front face of a solid electrolyte or 
a solid electrolyte Plastic solid. 

[001 5] As pore material in this slurry, polyethylene, polyester, a cellulose, or since the metal in 
pore will move and it will condense if rub, consist of ** and others etc., 1-50 micrometers of that 
particle size are 2-20 micrometers preferably on an average, and a metal cannot sink in 
completely into pore in less than 1 micrometer but it exceeds 20 micrometers, it is not desirable. 

[0016] moreover, spreading of the slurry to a solid electrolyte or a solid electrolyte Plastic solid 

— after baking — setting — the thickness of 2-100 micrometers — it applies so that it may 
become the thickness of 2-30 micrometers preferably. This cannot produce the fuel electrode 
layer which has a hole, and if it exceeds 1 00 micrometers, it cannot fully fill up a metal with less 
than 2 micrometers. 

[0017] After applying the slurry which contains pore material as mentioned above, 1200-1600 
degrees C is preferably calcinated in a 1 300-1 550-degree C oxidizing atmosphere for 2 to 10 
hours for 1 to 20 hours. When compactness required of less than 1200 degrees C as a solid 
electrolyte is not obtained but the burning temperature at this time exceeds 1600 degrees C, it 
is in the inclination for a zirconia to carry out grain growth and for reinforcement to deteriorate. 
Pore material disappears by this baking and pore remains. 

[001 8] For example, in addition to the slurries containing metal powder, such as nickel, Co, and 
Mn, or these metals, next. Y2 03, Yb 203 The included fully stabilized zirconia, Ce02, MgO, and 
aluminum 203, MgAI 204 etc. — it mixing, and a slurry being prepared and whether this slurry is 
supplied to the solid electrolyte front face on which pore exists It sinks in and heat-treats in the 
water solution of the mineral salt of nickel, Mn, and Co, or the solution of organic salt, and you 
may make it change into a metal, and may make it filled up with a metal into pore, or may make it 
filled up with a metal into pore by the electroless deposition method and the electrolysis 
galvanizing method, the zirconia which forms the frame in this invention — Y2 03 [ 3-20 mol % ], 
Yb 203, and Gd 203 etc. — containing is desirable. 

[0019] in addition, as a fuel electrode layer of the fuel cell eel of this invention The approach of 
drawing 2 and drawing 3 other than the configuration of above-mentioned drawing 2 and drawing 
3 is combined. The laminating of the layer by which nickel deposit was formed in the front face of 
the porous body which makes a frame a zirconia particle which was mentioned above can be 
carried out to the front face of the nature solid electrolyte of a zirconia with which at least one 
sort of metals of nickel, Co, and Mn were filled up into the surface section with an approach 
which was rnehtioned above, and a fuel electrode layer can also be formed in it. 
[0020] Moreover, in the front face of the fuel electrode which contains the pore with which the 
metal was filled up according to this invention, they are NiO powder or nickel powder, and 
stabilization Zr02 by request further. The paste which consists of mixture with powder may be 
applied, this may be burned depending on the case, and the fuel electrode layer of porosity with a 
thickness of 10-300 micrometers may be formed. 



[Function] The fuel electrode layer in this invention Simple mixing with the conventional zirconia 
and nickel, It is not what is depended on baking. At least one sort of metals of nickel, Co, and Mn 
They are plating or metal particles, metaled mineral salt, and organic salt to the front face of the 
zirconia particle in a fuel electrode layer. Since heat treatment is fixed, or it fills up in a hole and 
is fixed Like before, a metal does not condense at the time of baking or a generation of electrical 
energy, and a uniform distributed condition can be maintained. Consequently, the ge ne ratio n-of- 



[0021] 
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electrical-energy engine perfomWice which the activity of a fuel electrocWayer did not fall at 

the time of baking or generation-of-electrical-energy actuation, and was stabilized is 

maintainable. 

[0022] 

[Example] 

Example 1 mean diameter made the zirconia particle (8 mol %Y2 03 content) which is 10 
micrometers suspend in ethylene glycol, and prepared the slurry. 8 mol %Y2 03 whose thickness 
is about 300 micrometers about the obtained slurry It printed by 50 micrometers of thickness 
with screen printing to the precise solid electrolyte of the quality of a content zirconia. The 
formed film was calcinated in 5-hour atmospheric air at 1500 degrees C, and the porous layer 
whose rate of an open pore is 50% was formed. 

[0023] Subsequently, it is LaO.8 calciumO.2 Mn03 to the field of another side in which the porous 
layer of a solid electrolyte is not formed. Powder was applied by the thickness of 30 micrometers 
and it was able to be burned at 1200 degrees 0 for 2 hours. This air electrode layer was covered 
with the masking tape, after carrying out alcoholic washing of the field in which the porous layer 
was formed, it was immersed in commercial electroless-nickel-plating liquid for 30 minutes at 70 
degrees O, and uniform nickel plating film of 5 micrometers of thickness was given. Consequently, 
the fuel electrode layer was presenting structure as shown in drawing 2 . 

[0024] the result of having performed hydrogen gas to the fuel electrode layer side, and having 
performed the generation-of-electrical-energy trial of 300 hours for oxygen gas to the air pole 
side at a sink and 1000 degrees 0 using this fuel cell eel — eariy power density — 0.35 W/cm2 
it is — in a fuel electrode, condensation of nickel metal is observed to a thing also after 300- 
hour progress — not having — 0.33 W/cm2 Change was hardly seen. 

[0025] Moreover, it changed to nickel and the initial output at the time of plating other metals 
similarly by the electroless deposition method and the output after 300-hour progress were 
shown in Table 1. 



[0026] 
Table 1] 






Cl/c«») 




300 i$rJ]9l 


C o 


0.33 


0 . 3 1 


M n 


0.32 


0.30 


Ni:Co - 80:10 


0.34 


0.33 


Ni:lfn > 50:50 


0.33 


0.30 


Kn:Co < 50:50 


0.32 


0.29 



[0027] It was the almost same result as the case where all perform nickel plating, and, as for the 
fall of an output, after 300-hour progress was small so that clearly also from the result of Table 
1. 

[0028] 8 mol %Y2 03 obtained by the example 2 doctor blade method 8 mol %Y2 03 which added 
the spherical pore agent made from polyester whose mean particle diameter is 1 0 micrometers in 
the amount used as 50 volume % to the nature sheet of content zirconia-like Plastic solid The 
slurry of the terpineol of a content zirconia was applied by screen-stencil. This was calcinated at 
1400 degrees C among atmospheric air for 5 hours, and the solid electrolyte of 98% of relative 
density was obtained. Moreover, the pore of 40 volume % was included in the pore content layer 
on the front face of a solid electrolyte. The thickness of 40 micrometers and a solid electrolyte 
of the thickness of the pore content layer at this time was 200 micrometers, and the pitch 
diameter, of pore was 8 micrometers. 

[0029] LaO.8 calciumO.2 Mn03 which is an air pole ingredient in the opposite side of the layer 
which has pore 30 micrometers of powder were applied and it was able to be burned at 1200 
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degrees C for 2 hours. This air'^^trode layer was covered with the mas'^g tape, and nickel 
content performed plating processing for 30 minutes at 70 degrees C using the ielectroless 
deposition liquid of 99% or more of marketing. It checked that the interior of pore was filled up 
with the metal more than 90 volume % by the metaloscope. Furthermore, nickel powder and 
stabilization Zr02 containing Y2 03 [ eight mol % ] The paste was produced with the mixture 
which mixed powder by 6:4, and this was applied by the thickness of 30 micrometers with screen 
printing, and it dried. By having used as the fuel electrode the field filled up with this metal, 
oxygen gas was introduced into the air pole side, hydrogen gas was introduced into the fuel 
electrode side, and the generation-of-electrical-energy trial of 300 hours was performed at 1000 
degrees C. Consequently, early power density is 2 0.35W/cm after 0.36 W/cm2 and 300 hours. 
Change was hardly seen. 

[0030] It changed to this and nickel plating, and except the metal of Table 2 being similarly filled 
up into pore, the eel was produced similarly and the generation-of^electrical-energy trial was 
performed. The result was shown in Table 2. 
[0031] 
[Table 2] 











300 ^H?fc 


C o 


0.35 


0.33 


M n 


0.34 


0,32 


N1:Cd - B0:10 


0.35 


0.35 


Kl:tfn > 50:50 


0 . S 4 


0.33 


Hn:Co » 50:50 


0.33 


0.31 



[0032] It was the almost same result as the case where all perform nickel plating, and, as for the 
fall of an output, after 300-hour progress was small so that clearly also from the result of Table 
2. 

[0033] 8 mol %Y2 03 obtained by the example 3 doctor blade method 8 mol %Y2 03 which did 25 
volume % addition of the spherical pore agent made from polyester whose mean particle diameter 
is 6 micrometers at the nature sheet of content zirconia-like Plastic solid The slurry of the 
terpineol of a content zirconia was applied by screen-stencil. Furthermore, 8 mol %Y2 03 of 10 
micrometers of mean diameters The slurry which made the content zirconia particle suspend in 
ethylene glycol was applied with screen printing. This Plastic solid was calcinated at 1400 
degrees C among atmospheric air for 5 hours, and the solid electrolyte of 98% of relative density 
was obtained. At this time, the thickness of the porous layer which the thickness of the pore 
content layer on the front face of a solid electrolyte becomes from 20 micrometers and a 
zirconia particle was 30 micrometers. In addition, the rate of an open pore of a pore content 
layer and the whole porous layer was 40%. 

[0034] LaO.8 calciumO.2 Mn03 which is an air pole ingredient in the opposite side of the forming 
face of the layer which has the pore of this solid electrolyte, and a porous layer 30 micrometers 
of powder were applied and it was able to be burned at 1200 degrees C for 2 hours. This air 
electrode layer is covered with a masking tape, after having been immersed in the slurry which 
made the nickel metal with a mean particle diameter of 0.2 micrometers suspend in toluene, 
applying and drying, as a result of heat-treating at 1000 degrees C among reducing atmosphere, 
according to observation with a microphotography, it fills up with nickel more than 90 volume % of 
pore, and it was formed also in the front face of the frame of the zirconia particle in a porous 
layer by the thickness whose nickel layer is 3 micrometers. 

[0035] By having used as the fuel electrode the field which gave this nickel metal, oxygen gas 
was introduced into the air pole side, hydrogen gas was introduced into the fuel electrode side. 
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and the generation-of-electric^^nergy trial of 300 hours was performe^^l 000 degrees C. 
Consequently, early power density is 2 0.35W/cm after 0.36 W/cm2 and 300 hours. Change was 
hardly seen. 

[0036] 8 mol %Y2 03 produced with the example doctor blade method of a comparison The 
content zirconiaHike Plastic solid was calcinated and the solid electrolyte plate with a% [ of 
relative density ] of 98 and a thickness of 100 micrometers was produced. It is 80% of the weight 
of NiO. and 20% of the weight of 8 mol %Y2 03 to the thickness of 30 micrometers in the field of 
one of the two of this solid electrolyte plate. The slurry of the mixed powder of the zirconia of 
content was applied, it could be burned at 1400 degrees C for 2 hours, and the fuel electrode 
layer was formed. Then, it is LaO.8 calciumO.2 Mn03 to the field of another side. Powder was 
applied by the thickness of 30 micrometers and the air electrode layer was formed by 2 time- 
amount baking at 1200 degrees C. 

[0037] And oxygen gas was performed to the air electrode layer side, and the generation-of- 
electrical-energy trial of 300 hours was performed for hydrogen gas to the fuel electrode side at 
a sink and 1000 degrees C. consequently, initial power density — 0.35 W/cm2 it is — after 300 
hours — 0.22 W/cm2 37% of loss of power was seen. Moreover, as a result of observing the fuel 
electrode layer after 300-hour progress with an electron microscope, nickel condensed and it 
was unevenly distributed in the zirconia. 
[0038] 

[Effect of the Invention] The fuel cell eel of this invention can be set to the fuel electrode layer 
which consists of composite material of a zirconia and nickel, it can prevent that control 
condensation of the nickel at the time of formation of a fuel electrode layer, and a generation of 
electrical energy, and the activity of a fuel electrode layer falls, and the generation-of-electrical- 
energy engine performance stabilized over the long period of time can be demonstrated as 
explained in full detail above. 



[Translation done.] 
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